TECHNICAL  REPORT  ARCCB-TR-98008 


AD 


(l/f)n  ELECTRONIC  FLICKER  PULSING 


MARK  A.  JOHNSON 
PAUL  J.  COTE 


MAY  1998 


US  ARMY  ARMAMENT  RESEARCH, 
DEVELOPMENT  AND  ENGINEERING  CENTER 

CLOSE  COMBAT  ARMAMENTS  CENTER 
BENET  LABORATORIES 
WATERVLIET,  N.Y.  12189-4050 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED 


DTIC  QUALITY  INSPECTED  1 


oxscuucn 

The  findings  in  this  report  in  not  to  bo  construed  os  an  official 
Otpartnmt  of  tho  Any  position  wless  so  desipated  by  other  authorised 
doctaents. 

The  use  of  trade  naae(s)  and/or  nanufaceurar(s)  does  not  constitute 
an  official  indorsenent  or  approval. 


DESTRUCTION  NOTICE 

For  elajsifiad  dociaents,  follow  the  proceduroa  in  DoD  5200. 22-M, 
Industrial  Security  Manual,  Section  11-19  or  DoD  S200.1-R,  Information 
Security  Props*  Regulation,  Chapter  IX. 

For  unclassified.  United  docuoents,  destroy  by  a.iy  method  that  will 
prevent  disclosure  of  contents  or  reconstruction  of  the  document. 

For  unclassified,  taliaited  docustents,  destroy  when  the  report  is 
no  longer  needed.  Do  not  return  it  to  the  originator. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reportmo  burden  for  this  col»ea.on  of  information  is  estimated  to  average  i  hour  per  response,  including  the  time  for  reviewing  instructions.  **"*'*?  **'*?%  ctof  th!s 

qatherma  and  ma.ntam.ng  the  data  needed,  and  completing  ana  reviewing  the  collection  of  information  Send  comments  regarding  this  burden  esumate  ^  ^  ^  mfjetfe  r on 
collection  of  information,  including  suggestions  for  reducing  this  Puroen.  to  Washington  Headouaners  Services.  Directorate  for  mformat ion  Operations  a  no  3  215  Jetterson 

Davis  Hiahway  Suite  1204  Arlington,  V A  22202-4302.  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (07v4-Ol&S)  Washington,  DC  205C3. 

1.  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE 

Mav  1998 

3.  REPORT  TYPE  AND  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

5.  FUNDING  NUMBERS 

(1/f)"  ELECTRONIC  FLICKER  PULSING 

AMCMS  No.  6111.01.91A1.1 

6.  AUTHOR(S) 

Mark  A.  Johnson  and  Paul  J.  Cote 

i 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

U.S.  Army  ARDEC 

Benet  Laboratories,  AMSTA-AR-CCB-0 

Watervliet,  NY  12189-4050 

ARCCB-TR-98008 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


AGENCY  REPORT  NUMBER 


U.S.  Army  ARDEC 

Close  Combat  Armaments  Center 

Picatinny  Arsenal,  NJ  07806-5000 


11.  SUPPLEMENTARY  NOTES 

Submitted  for  publication  in  Electronic  Design. 


12a.  DISTRIBUTION -AVAILABILITY  STATEMENT 
Approved  for  public  release;  distribution  unlimited. 


12b.  DISTRIBUTION  CODE 


13.  ABSTRACT  (Maximum  200  words) 

Pulsing  circuits  generate  electromagnetic  interference  (EMI)  that  can  affect  sensitive  circuitry  and  adversely  contribute  to  the  spectral  signature 
of  equipment.  "Flicker  noise"  concepts,  derived  from  chaos  theory,  have  been  employed  to  efficiently  pulse  circuitry  while  generating  a  virtually 
undetectable  spectral  signature.  Pure  flicker  pulsing  requires  that  the  components  be  driven  with  a  set  of  uncorrelated  pulses,  with  random 
heights,  starting  at  random  times.  However,  a  significant  reduction  in  conspicuous  power  spectral  density  (PSD)  components  can  be  achieved 
when  imposing  practical  constraints.  We  have  been  able  to  significantly  reduce  the  dominant  components  of  the  power  spectrum  using  fixed 
pulse  durations  and  magnitudes.  We  employed  flicker  pulsing,  with  a  PSD  approaching  (1/f)2*  to  drive  our  components  more  efficiently, 
resulting  in  a  40%  increase  in  battery  life.  The  contribution  of  the  pulses  to  the  spectral  signature  of  the  equipment  appears  only  in  the 
background  noise  of  EMI  detectors. 


14.  SUBJECT  TERMS 

Electromagnetic  Interference  (EMI),  Chaos  Theory,  Flicker  Noise,  Electronics 


15.  NUMBER  OF  PAGES 


16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 
UNCLASSIFIED 

NSN  7540-01  -280-5500 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 
UNCLASSIFIED 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 
UNCLASSIFIED 


[  20.  LIMITATION  OF  ABSTRACT  , 


Standard  Form  298  (Rev  2-89) 

Prescribes  bv  ans  Std  Z39 - 1 S 
298-10? 


TABLE  OF  CONTENTS 


Page 


INTRODUCTION . 

ELECTRONICS  APPLICATION . . 

CONCLUSION . 

REFERENCES . 

LIST  OF  ILLUSTRATIONS 

1 .  Power  spectra]  density  for  periodic  and  flicker  pulsing  (volts2 -sec  vs.  sec1) 

2.  Power  spectral  density  for  P(S,W)  =  — — <5(W  -  S  In)  (dB  vs.  log  ( sec'1)) 

nAw 

(  V 

3.  ■*(/)  =  t  3T  (1 ' -  sine (IfW^ ))  (dB  vs.  log  ( sec1  )) . 

2{xf) 

4.  Power  spectral  density  for  P(S,W)  =  S(S-Sf)  8(W-Wf)  (dB  vs.  log  ( sec1 )) ... 

5.  S(f)  =v(nWf)i  sine  2(fWf)  (dB  vs.  log  ( sec 1 )) . . . 

6.  Reduction  in  f0  vs.  tr  /  T . 


1 

1 

3 

4 

5 

6 

7 

8 

9 

10 


INTRODUCTION 


Pulsing  circuits  generate  electromagnetic  interference  (EMI)  that  can  affect  sensitive 
circuitry  and  adversely  contribute  to  the  spectral  signature  of  the  equipment.  "Flicker  noise" 
concepts,  derived  from  chaos  theory,  have  been  employed  to  efficiently  pulse  circuitry  while 
generating  a  virtually  undetectable  spectral  signature.  Pure  flicker  pulsing  requires  that  the 
components  be  driven  with  a  set  of  uncorrelated  pulses,  with  random  heights,  starting  at  random 
times.  Jensen,  et  al.  (ref  1)  demonstrated  that  the  power  spectral  density  (PSD)  for  such  a  signal 
generates  (l/f)n  type  noise  given  by 

S(/)  =  \°°dtG(r)  sin2  (Tifr)  (1) 

(7tfYJo 


where  v  is  the  pulse  rate  and  G(x)  is  the  weighted  distribution  of  lifetimes,  defined  as 

G(W)=  f~^P(S,W)[S/W]2  (2) 

Jo 


where  P(S,  W)  is  the  joint  probability  for  a  pulse  to  have  area  S  and  width  W. 

ELECTRONICS  APPLICATION 

In  most  circuitry,  S,  W,  and  the  pulse  spacing,  T,  are  normally  fixed,  with  a  duty  cycle 
given  by  W/(W+ T). 

The  PSD  for  a  periodic  signal  with  W=  122  usee,  S  =  nW  =  122  uv-sec,  and  T=  1.83 
msec  is  given  in  Figure  1.  When  S,  W,  and  T  are  allowed  to  vary,  the  results  are  dramatically 
different.  Figure  2  shows  the  PSD  for  a  signal  with  W,  S,  and  T  given  by  uniform  probability 
density  functions  with  mean  values: 

W  =  122  usee,  S  =nW=  122  uvolt-sec,  and  T=  1.83  msec 

The  PSD  was  obtained  using  Welch’s  method  of  estimating  the  power  spectrum  from  the 
time  series  data  signal  using  a  Hanning  window  of  length  256  and  using  a  sampling  frequency  of 
Fs  =  820  kHz. 

The  analytic  solution  can  be  determined  from  equation  (1)  assuming  fixed  pulse 
amplitudes  and  a  probability  density  function  P(W)  of  the  form 


P(W)  =  \~P(S,W)dS  = 

Jo 


1 

AW 


(3) 
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Assuming  that  all  pulses  are  fixed  amplitude,  S  =  nW,  requires 


P(S)=  \~P(S,W)dW  = 

J  0 


nAW 


Therefore 


P(S,W)  =  — —  S(W  -Sin)  and  G(W)  =  n2/AW 
nAw 


This  results  in  a  PSD  given  by 


(  “  V(1  cos(^(WmJ>+WTOn)sin(^AW)) 


n 

{# 


rfAW 


(4) 


(5) 


and  for  Wmin  =  0,  S(f)  reduces  to 


S(f)  = 


v 


rJL^2 


(1  -sinc(2yWmax )) 


(6) 


S(f)  corresponding  to  this  pulse  distribution,  with  v  =  512  pulses/sec  and  Wmax  =  244  usee, 
is  given  in  Figure  3.  The  analytic  solution  is  in  agreement  with  the  PSD  obtained  from  the  time 
series  data  and  also  shows  the  origin  of  the  (1/f)2  dependence. 


In  our  application,  we  were  required  to  improve  the  efficiency  of  LED  drivers,  without 
affecting  the  spectral  signature  of  the  system.  Pulsing  an  LED  is  an  effective  means  of  attaining 
maximum  light  intensity  with  minimum  power  drain.  A  rule  of  thumb  for  most  LEDs  is  that 
driving  the  LED  in  the  1  to  10  mA  range  is  the  most  optically  efficient  mode  of  operation  and 
pulsing  LEDs  in  this  range  can  more  than  double  the  light  intensity  of  continuous  operation  at  the 
same  effective  current.  We  were  constrained  by  a  low  clock  speed,  so  we  fixed  Wf  to  the 
minimum  possible  pulse  width  (122  -usee)  to  achieve  the  lowest  possible  duty  cycle.  We  also 
determined  that  1.852  msec  was  the  maximum  possible  pulse  spacing,  T ,  without  introducing 
noticeable  flicker.  This  resulted  in  a  duty  cycle  of  6%.  We  were  also  forced  to  separate  T  into  a 
fixed  component,  u ,  and  a  random  component,  tr=T  -  f/,  to  avoid  excessive  flicker.  The 
random  component,  tr ,  was  given  by  a  uniform  probability  density  function  with  a  mean  value  of 

K  ■ 

The  largest  ratio  tr  /  T  that  provided  a  uniform  light  intensity,  given  these  constraints  was 
46%.  The  PSD  for  a  signal  given  these  constraints  is  given  in  Figure  1  and  is  shown  on  an 
expanded  scale  in  Figure  4.  Although  both  signals  in  Figure  1  have  the  same  total  energy,  the 
PSD  of  the  flicker  pulsed  signal  is  reduced  to  background  noise.  The  analytic  solution,  S(f),  for  a 
signal  with  W fixed  at  Wf  and  S  fixed  at  Sfl  with  n  =  1  and  v  =  512  pulses/sec  is  shown  in  Figure 
5.  In  this  case,  the  joint  probability  density  function  becomes 

P(S,W)  =  d(S-Sf)  8(W-Wf) 


2 


so  that  equations  (2)  and  (1),  respectively,  reduce  to 


and 


G(W)  = 


8(W-Wf ) 


S(f)  =  v(nWf)2  sinc2(-/W/) 


(7) 


(8) 


The  analytic  results  agree  well  with  those  in  Figure  4  and  demonstrate  that  fixing  W  and  S 
and  constraining  T&  had  a  negligible  effect  on  the  PSD.  The  degree  to  which  T  must  vary  to 
obtain  the  desired  power  at  the  fundamental  frequency,  f0,  is  shown  in  Figure  6.  The  figure 
shows  the  power  at  the  fundamental  frequency,  f0,  relative  to  the  power  at  f0for  fixed  T,  as  a 
function  of  tr  /  T.  It  shows  that  an  80%  reduction  in  the  PSD  at  f0  can  be  obtained  with  a  tr  /  T 
ratio  of  only  20%.  A  trIT  ratio  of  46%  reduces  the  fundamental  peak  by  more  than  90%. 

CONCLUSION 

Flicker  pulsing  can  significantly  reduce  the  spectral  signature  of  the  circuitry.  Although 
ideally  the  pulse  durations,  magnitudes,  and  spacings  should  be  random,  a  significant  reduction 
in  conspicuous  PSD  components  can  be  achieved  when  imposing  practical  constraints.  We  were 
able  to  significantly  reduce  the  dominant  components  of  the  power  spectrum  using  fixed  pulse 
durations  and  magnitudes.  We  employed  flicker  pulsing,  with  a  PSD  approaching  (1/f)2,  to  drive 
our  components  more  efficiently,  resulting  in  a  40%  increase  in  battery  life.  The  contribution  of 
the  pulses  to  the  spectral  signature  of  the  equipment  appears  only  in  the  background  noise  of  EMI 
detectors. 
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Figure  1 .  Power  spectral  density  for  periodic  and  flicker  pulsing  (volts2 -sec  vs.  sec1). 
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Figure  3.  S(f)  =  ^ 


f  „  \ 


(1  -  sinc(2ywmax ))  (dB  vs.  log  (  sec1 )). 
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Figure  4.  Power  spectral  density  for  P(S,W)  =  8(S-Sf)  8(W-Wj)  (dB  vs.  log  ( sec'1 )). 
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